Two experiments were conducted to evaluate the effect of weaning age and feeding method on amylase and protease activity and pig performance up to 10-weeks of age. One-half of the pigs were weaned at 2-weeks of age and fed their diet in paste form or as a dry meal. Remaining pigs were weaned at 4 weeks with one-half the litters provided with creep from 2-to 4-weeks of age, while the remainder received no creep. Amylase and protease activities were assayed in the pancreas and the small intestinal mucosa and its contents. The pancreatic contribution to total recovered activity varied with the age of the animal and enzyme activity measured. The contribution of the pancreas to amylase activity increased while protease decreased with age. The relative increases in pancreatic activity in amylase and protease were greater on a total than on a specific activity basis. The total activity of both protease and amylase activity from pancreas intestinal mucosa and contents increased concurrently with enhanced feed consumption, but the specific activity of only the latter increased following weaning to a starch-containing diet. Pigs weaned at 4-weeks of age with access to the creep diet had higher amylase, but not protease, activities at weaning than those that did not receive creep feed. Neither weaning age nor feeding method pre-or postweaning influenced long term enzyme development or pig performance.
Introduction
Although the development of pancreatic amylase and protease activities in the young pig has been reported by several workers (Kitts et al., 1956; Walker, 1959b; Hartman et al., 1961; Gorrill and Friend, 1970; Pond et al., 1971) , most have measured activities only in the tissue of enzyme production with data expressed as specific (per unit of tissue or protein) rather than total activities. Specific activities may not always reflect in vivo digestive capabilities, since various factors can influence the specific without altering total tissue enzyme levels. The pancreas is subject to neural (Pekas et al., 1966; Sarles et al., 1968) and hormonal (Albano et al., 1976; Snook, 1971; Adelson and Rothman, 1975) influences which alter rates of enzyme secretion resulting in marked alterations in residual enzyme activities. Also, a portion of the pancreatic enzymes that are secreted into the small intestine may adhere to the mucosa (Goldberg et al., 1969; Alpers and Solin, 1970; Hubel and Parsons, 1971) . Consequently, the measurement of enzyme activity in the contents and mucosa of the small intestine as well as the pancreas should give a more complete profile of total enzymatic activity. Nitsan et al. (1974) found that pancreatic and intestinal enzyme activities were increased in the chick with elevated feed intake. Limited research has been done with the pig to define the effects of creep feed or early weaning on the total activities of digestive enzymes in the pancreas or small intestine of the neonatal pig. Postweaning inappetance is a problem 257 JOURNAL OF ANIMAL SCIENCE, Vol. 50, No. 2, 1980 frequently encountered and factors that enhance feed consumption might result in higher pancreatic and intestinal enzyme activities.
The objectives of this experiment were to evaluate the effects of age at weaning and feeding method on the development of amylase and protease activities in the pancreas and the mucosa and contents of the small intestine.
Experimental Procedures
Exp. 1. The first experiment was conducted with 114 pigs (58 barrows and 56 gilts) in two replicates to evaluate the effects of both weaning age and feeding method on postweaning performance and digestive enzyme activity. Pigs were allotted to treatment groups at 2 weeks of age. One-half of the litters were weaned at this time and fed diet A (table 1) in either paste-or dry-meal form while the remaining pigs were weaned at 4 weeks. Of these latter litters, one-half had access to diet A as a creep from 2 to 4 weeks of age. The other half received no supplemental feed until weaning with efforts made to minimize access to sow feed by the pigs by limit feeding the dam. From 4 weeks of age all pigs were fed diet B (table 1) with those weaned at 4 weeks receiving their diet as a dry meal, while the groups weaned earlier continued to be fed paste or dry feed. The paste feed, 1.25:1 water:air-dry feed, was delivered automatically at approximately 30-rain intervals over the 24-hr period. Intervals were adjusted depending on the pig's appetite response. The dry diet was provided ad libitum.
The trial continued until the pigs were 10 weeks of age, when five barrows from each treatment group were individually removed from their pen without prior feed restriction at approximately 1000 hr and immediatley sacrificed by exsanguination. Amylase and protease activities were then measured in the pancreas and in the mucosa and contents of the small intestine.
Exp. II. The second study was a split-plot experiment involving 54 crossbred pigs (47 barrows and seven gilts) and was conducted to measure changes in digestive enzyme activity with age. Dietary treatments and enzyme measurements were as outlined in Exp. I. Three pigs were killed at birth and 2 weeks of age and 12 pigs (three pigs per treatment group) were sacrificied at 4, 6, 8 and 10 weeks of age. Because pig numbers within each treatment were constantly changing, performance information is not reported.
Sample Preparation and Enzymatic Activity
Determination. After each animal was sacrificed the intestinal tract from stomach to rectum was removed and immediately packed in crushed ice where it remained for approximately 2 hr during transport to the laboratory. Upon arrival, the pancreas was separated from extraneous tissue and weighed. A 1-g sample was then weighed into a Potter-Elvehjem grinding vessel and homogenized with 19 ml of chilled .14 M KC1 using six strokes of a teflon pestle at 2,500 rpm. This homogenate was used to assay for protease and diluted 1:200 with .14 M KC1 solution to measure amylase activity. The small intestine was stripped of its mesentery and flushed with variable but known amounts of chilled .14 M KC1, and its contents were recovered and their volume recorded. A sample was saved for enzymatic analysis and diluted with .14 M KC1 when necessary. The mucosa was scraped, weighed and homogenized, as described by Ekstrom et al. (1975) , from five equal segments of the small intestine. The homogenates were diluted with .14 M KC1 and assayed for protease and amylase activities. Dilutions were made to bring assay end points within the range of linearity on the respective standard curves.
The protease assay, adapted from Howard and Yudkin (1963) , measured the production of tyrosine equivalents. Activation of proteolytic enzymes with enterokinase 6 was found to be complete within 15 min after mixing 1.0 ml of enterokinase solution (100 units/ml) and 1.0 ml of homogenate. The incubation media for the protease assay consisted of .1 ml of homogenate or intestinal contents and 1.0 ml of .1 M, pH 8.0, phosphate buffer containing 3.0 mg casein per milliliter. The reactions were stopped after 10 min by the addition of .4 ml of 10% TCA, and the incubation tubes were centrifuged at 300 • g for 20 min in a Phillips-Drucker centrifuge to remove precipitated protein.
Blanks were run simultaneously and treated identically except that TCA was added prior to the homogenate. Following centrifugation, .5 ml of supernatant and .5 ml of NaOH were mixed. To this mixture,. 3 ml of Folin-Ciocalteau reagent was added with simultaneous agitation on a Vortex Mixer. Ten minutes were allowed for color development with each sample then diluted with 2.7 ml of distilled water. Standard tyrosine 7 solutions were assayed daily along with the incubation tubes at 625 nm on a Gilford Stasar II spectrophotometer. Activities were calculated as milligram tyrosine equivalents produced per minute and expressed as specific 6 ICN Pharmaceuticals, Cleveland, OH. 7Nutritional Biochemicals Corp., Cleveland, OH. s Fisher Scientific Co., Fair Lawn, NJ.
(per gram tissue or milliliter contents) and (or) total (specific activity x tissue weight or contents volume) activity.
The amylase assay, adapted from the starchiodine method of Howard and Yudkin (1963) , measured the rate of starch disappearance. Incubation media consisted of .5 ml of Linmer's soluble starch s (10 mg/ml in .02 M, pH 6.9, phosphate buffer) and .2 ml of homogenate or intestinal contents. The reaction was stopped after 5 min incubation with .3 ml of 2N H2 SO4. Blank tubes were prepared by addition of H2SO4 to the starch solution prior to adding the homogenate. After stopping the reaction all tubes were centrifuged at 300 x g for 20 minutes. The unhydrolyzed starch remaining was determined by adding .1 ml of iodine solution and 14 ml of distilled water to .4 ml of supernatant. Absorbance was read at 620 nm and activities calculated as grams starch hydrolyzed per minute on a specific or total activity basis.
The data were analyzed statistically by analysis of variance with orthogonal treatment comparisons evaluated after a significant (P<.05) F value was obtained.
Results
Performance. Biweekly pig performance data in Exp. I is presented in table 2. Gain and feed intake progressively increased during each 2 weeks postweaning period regardless of weaning age. Pigs weaned at 2 weeks appeared to suffer a more severe suppression of growth during the initial 2-week postweaning period than those weaned later as indicated by the data of the corresponding measurement period. Four-week weights were lower for those weaned at 2 weeks of age. However, the earlier weaned pigs recovered from their initial weight deficit through enhanced feed consumption and gain from 4 to 6 weeks, while the later weanling group was experiencing its postweaning lag phase of growth. Both groups had similar body weights by 6 weeks of age.
Pigs from all treatment groups gained similarly during the final 4 weeks of the trial. The groups weaned at 2 weeks of age appeared to have higher feed intakes during the final 4-week period, but differences were not significant. In contrast to results obtained previously with growing-finishing swine (Roller et aL, 1969) , providing the diet in paste form, did not result in enhanced gain in pigs weaned at 2 weeks. This is consistent with other data from this station (Mahan, 1979) .
Weaning Age and Feeding Method on Amylase Activity. The effects of weaning age and feeding method on pancreas weight and amylase activity in the pancreas and the mucosa and contents of the small intestine are presented in tables 3 and 4 for Exp. I and II, respectively.
In Exp. I (10-week old pigs), the sum of amylase activities from all locations measured was higher (P<.05) in the groups weaned CGrams starch hydrolyzed/minute. dsignificant feeding method within 2-week weaning system (P<.05).
esignificant weaning age (P<.01).
fSignificant feeding method effects within 4-week weaning system (P<.05).
gmg tyrosine equivalent produced/minute. CGrams starch hydrolyzed/minute.
d Each value represents the sum of the activities contributed from the pancreas, intestinal contents and mucosa.
esignificant feeding method effects within 2-week weaning system (P<.05).
fMissing observations. gsignificant treatment X age interaction (P<.O1).
hsignificant feeding method effects within 4-week weaning system (P<.05).
iMilligram tyrosine equivalents produced/minute.
Jsignificant treatment • age interaction (P<.05).
at 2 weeks of age than those weaned later. This effect was primarily due to differences in pancreatic activity (P<.05), since that present in the mucosa and contents of the small intestine was similar for both groups. Although the enhanced pancreatic amylase activities were in part due to heavier (P<.05) pancreas weights, activity per gram of pancreas was 2.5-fotd higher in pigs weaned at 2 weeks. In the second experiment, pigs weaned at 2weeks of age again had heavier (P<.05) pancreas weights by 10 weeks of age than those weaned later. Amylase activities measured in the pancreas and intestinal mucosa and contents were similar for both weaning ages in this study, although those weaned at the earlier age generally had higher mean activities in each of the locations measured.
Feeding the diet in paste form to pigs weaned at 2 weeks of age did not consistently affect amylase activities in either of the experiments. Access to a creep diet prior to weaning at 4 weeks did result in higher (P<.05) pancreatic amylase activities at weaning in the second experiment compared to the noncreep fed group. These enhanced activities were the result of both heavier (P<.05) pancreas weights and higher specific activities. By 6 weeks of age both pig groups weaned at 4 weeks had similar pancreas weights and amylase activities, suggesting a rapid adaptation of pancreatic tissue growth and enzyme synthesis upon comsumption of a cereal grain diet.
Age Effects on Amylase Activity. Changes in pancreas weight, intestinal length and contents volume with age (Exp. II) are presented in table 5 and are in general agreement with those of Walker (1959a) . Thus, activity measurements made in these locations (table 6) should be indicative of those found in normal pigs during each respective growth phase. Pancreas weight increased in proportion to body weight, representing approximately .2% of the live weight at each age measured, while the length of intestine decreased relative to body weight and contents volume showed no definite relationship.
The combined amylase activity from all sites (table 6) increased approximately twofold during each successive 14-day period from birth to 10 weeks of age. The most rapid increase occurred between 6 and 10 weeks of age, corresponding to the period of greatest feed consumption and most rapid growth rate in the pigs (table 2). The pancreatic contribution to total activity increased steadily with age, representing 33% at birth, 50% at 4 weeks of age and averaging 71% during the final 6 weeks of the trial. Relative increases in pancreatic activity exceeded those of organ weight so that specific as well as total pancreatic amylase activity increased as the pig matured (table 7) .
Although mucosal amylase activity increased with age, its relative contribution to the total fell from 60% at birth to only 8% by 10 weeks of age. Other workers (Hubel and Parsons, 1971) have also found that mucosal contribution is relatively more important at low total activity levels. A portion of the apparent change in mucosal contribution in the present study was likely due to sloughing of the mucosa into the contents of the small intestine during transit to the laboratory for processing. However, most of the measured mucosal amylase activity was probably of pancreatic origin since it has been shown that this enzyme binds strongly to the mucosal surface (Alpers and Solin, 1970; Hubel bMilligram tyrosine equivalents produced per minute (-+SE).
and Parsons, 1971) and amylase of mucosal origin breaks down starch very slowly compared to pancreatic amylase Alpers, 1971, 1973) . Amylase activity found in the intestinal contents increased with age (table 6) with activity per milliliter of contents displaying no definite pattern. The contribution of this location to total recovered activity increased with age, representing 7% of the total at birth and 17% by the time the pigs reached 10 weeks of age. Part of this effect might be attributed to the fact that the animals were changed from the diet of sow's milk to one containing cereal grain products during the trial and increases in feed CMilligram tyrosine equivalents produced/gram pancreas/minute. intake and retention time might lead to enhanced enzyme activities in the intestinal contents. Increasing feed intake by force-feeding has been reported to result in enhanced pancreatic enzyme activity levels in the chick (Nitsan et aL, 1974) . Since contents amylase activity could result from both pancreatic secretion and mucosal sloughing and most of the latter is of pancreatic origin, it would follow that the majority of the activity found in the contents is also of pancreatic origin. However, microbial contribution cannot be discounted.
Distribution of Amylase Activity Along the Small Intestine. The distribution of amylase along the intestinal mucosa at various ages is presented in table 8. The lowest activities were generally found in the cranial and caudal 20% of the intestine, but differences were not significant (P<.05). A lack of localization of mucosal amylase activity in the young pig was also reported by Walker (1959b) . In contrast to the present results, Jesuitova et al. (1964) found that mucosal contribution was more important in the proximal than in the distal segments of a rat intestine. However, the age of the animal was not reported and the activity distribution of at least some of the enzymes measured in the mucosa has been demonstrated to change with age (Manners and Stevens, 1972) .
Weaning Age and Feeding Method on
Protease Activity. The effects of weaning age and feeding method on protease activity in Exp. I and II are shown in tables 3 and 4, respectively. Pigs weaned at 2 weeks of age had higher (P<.O1) pancreatic protease activities than those weaned at 4 weeks at the conclusion of the first experiment, and both pancreatic (P<.IO) and total (P<.05) activities were higher in the second trial. In contrast to amylase, protease specific activity was not altered by weaning age and feeding method. Consequently increases in total activity reflected changes in pancreas weight. Age at weaning did not appear to affect protease activity in the intestinal contents and that present in the mucosa was too low to measure under the assay conditions used. The feeding methods employed did not have any long-term effects on protease activity in any of the locations measured. Pancreatic activity appeared to be lower at weaning in the group weaned at 4 weeks without access to creep in the second study (table 4), but differences were not significant (P<.05).
Age Effects on Protease Activity. Pancreatic protease activity increased curvilinearly (P<.01) as the pigs matured, with the most rapid increase occurring between 6 and 10 weeks of age (table 6) when feed consumption was increasing rapidly. This pattern agrees well with those of other workers (Braude et al., 1958; Hartman et al., 1961; Gorrill and Friend, 1970; Pond et al., 1971) .
Contrary to amylase, pancreatic protease activity remained relatively constant when expressed on a per unit of pancreatic tissue basis (table 7) . Consequently, pancreatic amylase increased more rapidly than protease with increases in the latter reflecting only pancreatic growth, while those in the former were due to both tissue growth and increased specific activity. The ratio of amylase to protease activity in the pancreas has been shown to increase as the relative proportion of starchy nutrients in the diet is increased (Howard and Yudkin, 1963; Snook, 1971) . Thus, a portion of the observed increase in pancreatic amylase specific activity with age may be due to the higher relative proportion of carbohydrate in the cereal grain diet than in sow's milk.
The relative contribution of the intestinal contents to total protease activity increased as the trial progressed. This effect may again be the consequence of increased feed intake and/or retention time.
Discussion
When evaluating digestive enzyme development in animals fed.ad libitum it is important to measure all possible sources of enzyme activity to evaluate total digestive capabilities. Pancreatic protease represented 70 to 80% of the total activity up to 6 weeks of age, but only 50% thereafter. The contribution of the pancreas to amylase activity was essentially reversed, contributing 30% at birth and 71% during the final 6 weeks of the trial.
Additionally, the pattern of development obtained using specific or total activity differed. The specific activity of amylase in the pancreas increased eightfold from birth to 10 weeks, while total pancreatic amylase activity increased 188-fold. On the other hand, protease specific activity in the pancreas remained relatively constant through the trial. Increases in total pancreatic activity were small (34-fold) compared to amylase.
Weaning age and feeding methods did not have any apparent long-term effects on digestive enzyme development. Access to creep feed prior to weaning at 4 weeks resulted in initially elevated (P<.05) pancreatic amylase activities compared to pigs from which it was withheld, but this effect was not evident by 10 weeks of age. This temporary effect might be due to earlier comsumption of a cereal grain diet.
Pig performance was generally similar throughout the study for both weaning ages and feeding methods with the periods of rapid growth and increased feed consumption corresponding to increases in digestive enzyme activities.
